The possibility of achieving blood-lipid-lowering characteristics of pig fat by increasing the content of unsaturated fat in pig feed was evaluated. Three pig feeding regimens were applied: basal feed (no added fat or vitamin E), basal feed + rapeseed oil (60 g/kg feed), and basal feed + rapeseed oil (60 g/kg) + vitamin E (200 mg/kg). Meat and meat products from the three pig groups were incorporated into diets providing 86 g pig fat/10 MJ. The diets were served to twelve healthy human male subjects for 3 weeks each in a randomised crossover design. The diets prepared from pigs fed rapeseed oil had a lower content of saturated fatty acids (approximately 9 v. 11 % of energy) and a higher content of polyunsaturated fatty acids (approximately 6 v. 4 % of energy) than the diet prepared from pigs fed the basal feed. Diets based on fat from pigs fed the rapeseed oil resulted in signi®cantly lower (approximately 4 %, P = 0×019) total serum cholesterol concentration compared with the diet from pigs fed the basal feed. No differences were observed in LDL-, HDL-or VLDL-cholesterol, or in triacylglycerol or VLDL-triacylglycerol concentrations. Addition of vitamin E to the pig feed resulted in only a minor increase in vitamin E content in the human subjects' diet and the vitamin E content was low in all three pig diets. Plasma vitamin E concentration in the human subjects at the end of the period with diets from pigs fed rapeseed oil without vitamin E was signi®cantly lower (P = 0×04) than in the other two diet periods. In conclusion, an increased content of rapeseed oil in pig feed changes the fatty acid composition of the pig fat in a way that has a potential to reduce blood cholesterol concentrations in human subjects. However, intake of pig fat with a higher content of unsaturated fatty acids needs to be matched by a higher dietary intake of vitamin E.
In industrialised countries animal fats contribute substantially to the total fat intake and are the major sources of saturated fatty acids. Therefore, a low intake of meat has been proposed to reduce the risk of cardiovascular disease (Willett et al. 1995) . Since meat contributes essential nutrients such as vitamins and minerals, a reduction in meat intake, while having positive effects in relation to cardiovascular disease, might lead to other nutritional problems. Animal feed strategies and processing technologies could be used to alter product composition to be more consistent with human dietary guidelines. Technologies have been developed to reduce the cholesterol content of animal foods (Labat et al. 1997) , and interesteri®cation with polyunsaturated rich oils was shown to improve the fatty acid pro®le of butter-based spreads (Becker et al. 1999) . By increasing the polyunsaturated fatty acid (PUFA) content of cows' feed it is possible to alter the fatty acid composition of beef fat and milk products in a way that improves the blood lipid responses in human subjects consuming diets based on the altered beef fat or milk products (Nestel et al. 1973; Brown et al. 1976; Hodges et al. 1976; Tholstrup et al. 1998) .
In ruminants, an increase of unsaturated fatty acids in the feed will have a rather small impact on tissue fatty acid composition, because of microbial hydrogenation of the PUFA and formation of trans fatty acids in the rumen (Brown et al. 1976 ). In the monogastric pig the fatty acid composition of fat is more closely related to feed fatty acid composition than for other domestic animal species, especially at higher feed fat content (St. John et al. 1987; Myer et al. 1992; Jùrgensen et al. 1996) . Consequently, there is a potential for improvement of the fatty acid composition of pig fat and meat by changes in feed composition.
A potential disadvantage of a more unsaturated animal fat is that the fat becomes more sensitive to oxidation. This could affect the sensoric and storage qualities of the fat and related products. In addition, intake of lipid peroxidation products or a high unsaturated fat intake without concomitant increase in antioxidant intake may increase the risk of oxidative damage in tissues. Oxidation of LDL is believed to be involved in the initiation of atherosclerosis (Steinberg et al. 1989; Berliner & Heinecke, 1996) . Vitamin E is the major antioxidant in the LDL fraction, and it has been shown to signi®cantly affect the susceptibility of plasma LDL to in vitro oxidation (Dieber-Rotheneder et al. 1991; Princen et al. 1995) . Consequently, both from a food quality point of view and regarding the nutritional value, it is important to balance the unsaturated fatty acids with a suf®cient content of antioxidants (Dieber-Rotheneder et al. 1991; Bonanome et al. 1992) .
The objective of this present study was to evaluate the potential blood lipid lowering effect in man of fat derived from pigs fed a regimen higher in unsaturated fatty acids by addition of rapeseed oil. Furthermore, vitamin E was added to the pig feed regimen with rapeseed oil and plasma vitamin E concentration in human subjects after intake of the pig fat was evaluated.
Subjects and methods

Pig feeding regimens
Female pigs (Danish Landrace´Danish Yorkshire) were randomly assigned to: (1) basal feed (no added fat or vitamin E); (2) basal feed + 60 g rapeseed oil/kg feed; (3) basal feed + 60 g rapeseed oil + 200 mg vitamin E/kg feed. The animals were given ad libitum access to feed and water from 25 to 100 kg live weight (slaughter). The composition of the feed and the animal material as well as the raising of animals is described elsewhere (Lauridsen et al. 1999a) . In Table 1 , fatty acid composition of the pig feed, back fat and intramuscular fat ( psoas major) is given for the basal feed group of pigs and the rapeseed oil feed group. The pigs were slaughtered under certi®ed conditions and the meat and fat were used to prepare human diets.
Subjects
Twelve men (age 24×4 (SD 2×9) years) were recruited for the study. Exclusion criteria were: family disposition for CHD, serum cholesterol .8 mmol/l, cigarette smoking and high physical activity (.6 h/week). The subjects were all apparently healthy and none of them used any medication. They were allowed to use analgesics if necessary. Height, weight and BMI of the subjects were 182 (SD 8×6) cm, 72×7 (SD 8×7) kg and 21×8 (SD 1×7) kg/cm 2 respectively.
Human study design
Meat and meat products from three pig-feed treatments were incorporated into daily menus and served for 3 weeks each, in a randomised crossover design. The experimental periods were separated by at least 4 weeks during which the subjects consumed their habitual diets. Blood samples were taken on two consecutive days, before and at the end of each dietary period. Energy intakes were individualised based on age, body weight and habitual physical activity (World Health Organization, 1985) . There were no signi®cant changes in body weight of the subjects during the study period. All foods were weighed on precision scales, and all meals were prepared in individual portions at the department. Breakfast, snacks and weekend meals were prepacked and consumed at home, whereas other meals were consumed at the department under supervision.
Experimental diet
To assure a constant and homogenous intake of fat and fatty acids, most of the meat and fat was blended to a constant fat content and incorporated into minced-meat dishes, sausages, pate Âs etc. The experimental diet consisted of three daily meals and a snack. Seven different menus were prepared from each pig line with virtually identical nutrient composition. The diets in the three periods were identical, except for the pig group used. An example of one day's menu is given in Table 2 . Fat contributed 34 %, protein 11 %, and carbohydrate 55 % of energy intake. The diets contained 86 g pig fat/10 MJ contributing 90 % of total fat intake. The content of dietary ®bre was 30 g/10 MJ. Duplicate portions were taken of each diet in each period and analysed for vitamin E and fatty acid composition. The analysed fatty acid composition of the diets is given in Table 3 . All foods were prepared in advance in the metabolic kitchen. Individual portions of the meals were weighed according to estimated energy requirements. The individual meals were stored at -208C after cooking and were thawed and heated on the day of consumption. Lunch and dinner were prepared and served at the department during weekdays. The other meals were provided each day for consumption at home, where thawed meals were heated in a microwave oven provided by the department. Weekend meals were packed and distributed on Friday afternoons. The subjects were instructed not to leave any food, but if they did, they were to bring leftovers back for recording.
Blood sampling
Venous blood samples were collected after a minimum of 12 h fasting and 10 min supine rest. The subjects abstained from alcohol for at least 24 h and from physical activity for at least 36 h before sampling.
Analyses
Blood samples for lipid, lipoprotein and vitamin E analysis were collected in evacuated tubes with EDTA. Cholesterol and triacylglycerol concentrations in total plasma and lipoprotein fractions were analysed by enzymatic methods (Boehringer Mannheim, Mannheim, Germany) on a Cobas Mira Analyser (Hoffman-La Roche, Basel, Switzerland). Total HDL-cholesterol was measured after precipitation with polyethylene glycol (Quantolip, Immuno AG, Vienna, Austria). LDL-cholesterol was calculated from the difference between total and HDL-cholesterol. The VLDL fraction was separated by ultracentrifugal¯otation of fresh plasma (125 000 g, for 16 h at 48C) at density 1×006 g/l in a Beckman 50 T : L rotor (Beckman Instruments, Palo Alto, CA, USA). Precision was determined by analyses of an internal plasma pool. Accuracy was checked by using a PrecinormtL (Lot no. 185597, Boehringer Mannheim GmbH). Obtained values for cholesterol and TAG were 5×08 (SD 0×07) mmol/l and 1×53 (SD 0×03) mmol/l (n 14) compared with certi®ed values of 5×1 (4×34±5×87) mmol/l and 1×69 (1×5±2×03) mmol/l for cholesterol and triacylglycerol respectively.
Total fat in the diets was extracted with light petroleum (408±608). Composition of fatty acids was determined by GC (HP 6890; Hewlett Packard, Palo Alto, CA, USA) after transesteri®cation to methyl esters in a sodium methylate solution (2 g/l methanol). Analysis of the fatty acid methyl esters was carried out using a FFAP column (25 m´0×32´0×5 mm, HP-FFAP, polyethylene glycol, Hewlett Packard) and He as carrier gas with a constant ow of 0×8 ml/min. Injection was split-less with an injector 
temperature of 2758C. The detector temperature was 3008C. The initial column temperature was 508C, which was held for 2 min. The temperature was then raised at 108C/min to 2408C and this was held for 15 min. Plasma samples for fatty acid analysis were extracted as described by Bligh & Dyer (1959) , saponi®ed with 0×5 mol NaOH/l methanol, followed by methylation with 2 mol BF 3 /l methanol and extraction into n-heptane. GC analysis (PE 8700; Perkin-Elmer, Norwalk, CT, USA) of the fatty acid methyl esters was carried out using a capillary column (CP Sil 88, 50 m´0×2 mm i.d., Chrompack, Middelburg, The Netherlands). He (carrier gas) at a¯ow rate of 0×5 ml/min and a 60 : 1 split was used. The temperature was raised from 808C to 1608C at a rate of 158C/min, and then increased to 2408C at a rate of 38C/min. Fatty acids in both diets and plasma were identi®ed by comparison of retention times with those obtained with a commercial standard (Nu Check, Elysian, MN, USA). All samples were measured in duplicate.
Vitamin E in the diet was extracted and quanti®ed by reverse-phase HPLC and¯uorescence detection using an external standard (all-rac-a-tocopherol, Merck no 115496, Darmstadt, Germany). The CV of the a-tocopherol analysis was 1×7 %. The mobile phase consisted of methanol±water (97 : 3, v/v) and the HPLC system included a pump (Shimadzu, SIL-10, Kyoto, Japan) set at a¯ow rate of 1×7 ml/min, a 250 mm´4×6 mm, 5 mm C18 stainless-steel column (Chrompack, Melburg, The Netherlands), an autosampler (Shimadzu, SIL-10) and a¯uorescence detector (Waters 470, Milford, MA, USA). Excitation was at 292 nm, emission at 330 nm and integration was performed by the LC10 software (Shimadzu).
Vitamin E in plasma was extracted with ethylacetate after addition of internal standard (vitamin A acetate in ethanol, Fluka, Buchs, Switzerland) and protein precipitation with ethanol. Subsequently, vitamin E was quanti®ed by HPLC and¯uorescence detection.The mobile phase consisted of methanol±tetrahydrofuran±butanol±water (85 : 5 : 5 : 5, by vol) and the HPLC system included a pump (Kontron, Zu Èrich, Switzerland) set at a¯ow rate of 0×8 ml/min, a 125 mm´4 mm C18 stainless-steel column (LiCrospher 100RP-18, Merck, Darmstadt, Germany) an autosampler (Kontron 460, Kontron) and a¯uorescence detector (Kontron SFN25, Kontron). Excitation was 340 nm, emission at 460 nm, and integration was performed by Kontron MT-450 software (Kontron). Accuracy of the method was determined by a lyophilised standard reference material 968b obtained from the National Institute of Standards and Technology (NIST, Gaithersberg, MD, USA), and the CV for the vitamin E analysis was 1×5 %.
Ethics
The subjects were given oral and written information about aims and procedure of the study. The protocol was approved by the Local Research Ethics Committee for Copenhagen and Frederiksberg (KF-01-161/95).
Statistics
Statistical signi®cance of the difference between means was determined using a mixed model methodology, in the SAS statistical package (Statistical Analysis Systems Inc., Cary, NC, USA; Littell et al. 1996) . The mixed model methodology contains both ®xed and random effect. A model for ANOVA was used for description of data, where the effect of diet and subject was included in the model. Measurements taken before each intervention were analysed using a one-tailed ANOVA to ensure that there was no carry-over effect. There was no carry-over effect and no period effect and the effect of the diets was evaluated by ANOVA of end values followed by Student's t test for paired data when ANOVA indicated signi®cant differences.
Power calculations (a = 0×05, b = 0×8) showed that with twelve subjects the study would be able to demonstrate a 5 % difference in total plasma cholesterol. Based on available data for present pig fat composition (Mùller, 1989 ) and the expected changes in fatty acid composition it was predicted that the change in plasma cholesterol would be 0×3 mmol/l, i.e. approximately 10 %.
Results
The human diets prepared from pigs fed rapeseed oil had a lower content of saturated fatty acids and a higher content of PUFA than diets prepared from pigs fed the basal feed. The fatty acid composition of the intervention diets ( Table 3) closely resembled that of the back fat of the pigs (Table 1) . The percentage of monounsaturated fatty acids was virtually identical in the three diets. The content of a-linolenic acid in the intervention diets based on fat and meat from pigs fed rapeseed oil was signi®cantly higher than in the diet based on pigs fed basal pig feed. The vitamin E content of the diet with pig meat from the group fed rapeseed oil with added vitamin E was approximately 30 % higher than that from the other two groups (Table 4 ). However, due to large variation between the three duplicates the difference was not signi®cant (P = 0×08).
Intakes of the two diets based on pig fat from pigs fed rapeseed oil resulted in signi®cantly lower (approximately 4 %) (P = 0×03 and P = 0×001 respectively) total cholesterol concentrations compared with the diet from pigs fed the basal feed (Table 5 ). The differences between diets were not signi®cant for any of the other lipoprotein and lipid fractions. Neither was fatty acid composition of plasma at the end of the dietary intervention period different (Table 6 ).
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Plasma a-tocopherol concentration and a-tocopherol : cholesterol ratio were signi®cantly lower at the end of intervention with diet prepared from pigs fed basal feed with added rapeseed oil compared with diets prepared from pigs fed either the basal feed or rapeseed oil with addition of vitamin E (P = 0×04; Table 5 ).
Discussion
This present study demonstrates that inclusion of rapeseed oil into commercial pig feed alters the fatty acid composition of the pig fat in such a way that, when this fat comprises the major fat source in the diets of human subjects, a slight lowering of blood cholesterol concentrations is achieved. The differences in fatty acid composition between the human diets were smaller than anticipated when planning the study, basing calculations on food table data for pig fat composition (Mùller, 1989) . The basal pig feed without added fat resulted in a higher content of unsaturated fatty acids in the pig fat than expected from available food table data. When the basal pig feed was supplemented with the monounsaturated rich rapeseed oil, notably the relation between PUFA and saturated fatty acids changed, whereas the content of monounsaturated fatty acids was constant. When rapeseed oil is fed at high levels (10 % and 20 %), incompatible with other quality 
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characteristics of pig meat, an increase in the relative content of monounsaturated fatty acids is observed (St John et al. 1987; Rhee et al. 1988) . Intake of the modi®ed pig fat lowered total cholesterol concentration by 4±5 % in young male subjects compared to pig fat produced by conventional feeding. The observed effect can to a large extent be ascribed to the lower content of saturated fatty acids and a higher content of polyunsaturated n-6 fatty acids. No signi®cant differences were observed for the lipoprotein fractions and for the triacylglycerol. The observed effects on total cholesterol were slightly larger than could be predicted from differences in the analysed fatty acid composition. As these predictions (Hegsted et al. 1965; Keys et al. 1965; Yu et al. 1995) are mainly based on studies with vegetable fats, it is possible that the pattern of fatty acids in animal fat affects blood lipids differently. A recent meta-analysis of dietary intervention programmes using the National Cholesterol Education Programme's Step I and Step II diets concludes that for every 1 % decrease in energy consumed as dietary saturated fatty acids, total cholesterol decreases by 0×056 mmol/l (Yu-Poth et al. 1999) . In this study the difference in saturated fatty acid content between the diets was approximately 2 % of energy. The slightly higher difference in total cholesterol at approximately 0×2 mmol/l can probably be attributed to the strict dietary control. Based on meta-analyses of results from pharmacological and dietary interventions it has been estimated that a reduction of total cholesterol concentrations of 1 % will result in a risk reduction of cardiovascular disease of 2 % (Law et al. 1994) . Consequently the observed cholesterol reduction could, if extrapolated to populations, have a risk-reducing impact.
The addition of rapeseed oil to the pig feed increased the a-linolenic acid content of the pig fat resulting in intakes of 1×4 % of energy as n-3 fatty acids (3×7 g/d), corresponding to more than twice the minimum recommended intake (Nordic Council of Ministers, 1996) . Thus, pig fat rich in a-linolenic acid could also, at lower intakes than in this experimental diet, replace marine fats or a-linolenic acid rich oils as a source of essential n-3 fatty acids.
However, despite the differences in dietary fatty acid composition, no differences were observed in the plasma content of a-linolenic acid or other fatty acids. As 43 % of the test fats were consumed under supervision at the department, this poor relation between dietary and plasma fatty acid composition cannot be attributed to poor compliance. The lack of changes in plasma lipid fatty acid composition may be due to the speci®c triacylglycol structure of lard with palmitate as the dominating fatty acid in the sn-2 position (Small, 1991) . The unsaturated fatty acids in the sn-1 or sn-3 position in lard are thus more prone to be hydrolysed. In rapeseed oil the fatty acid in the sn-2 position is more often a n-6 or n-3 PUFA than would be expected from the overall fatty acid composition of the oil (Kallio & Currie, 1993) and these fatty acids are consequently more likely to appear in the plasma lipid fractions. In this study the difference between the diets in intake of 18 : 3 n-3 was approximately 0×9 % of energy. When the 18 : 3 n-3 intake was increased by about 2-fold, obtained by an increased intake of rapeseed oil, the content of 18 : 3 n-3 in plasma cholesterol esters fatty acids was increased by 0×9 % (Valsta et al. 1996) . It is possible that the content of 18 : 3 n-3 in the diets was too low to reveal any changes in plasma fatty acids and measurements of the fatty acid composition of cholesterol ester would have better re¯ected the differences in fatty acid composition between diets in this study.
Addition of 200 mg vitamin E/kg to pig feed has been shown to substantially increase the vitamin E content of both fat and organ meat in pigs (Morrissey et al. 1996) . In our study the addition of vitamin E to pig feed only marginally increased the vitamin E content of the experimental human diets. As the fat and meat was minced to assure homogeneity it is possible that some of the vitamin E was lost during preparation of the diets. The total dietary vitamin E intake was 0×7±1×2 tocopherol equivalent/10 MJ per d and much lower than the recommended daily intake (8±10 tocopherol equivalent/day) (Nordic Council of Ministers, 1996) and the vitamin E : PUFA ratio was low (0×06±0×07). A vitamin E : PUFA ratio of 0×4 has been suggested as being satisfactory (National Research Council, 1989) .
The lower plasma vitamin E concentrations in the period with the diet prepared from pigs fed rapeseed oil without vitamin E suggest an increased need for vitamin E at a higher intake of unsaturated fatty acids from animal sources. In all three periods the plasma vitamin E concentrations were low compared with reference interval values for Danish people (aged 20±39 years, 16±41 mmol/l (GF Nielsen, JB Nielsen, HR Andersen and P Grandjean, unpublished results)). The tocopherol : cholesterol ratio was approximately 4 mmol/mmol. A value of 2×25 mmol/mmol has been suggested as an indication of biochemical abnormality (Scienti®c Committee for Food, 1992). It should be noted that the total cholesterol concentrations were low in this group of young adult men. In middle-aged Danish men cholesterol concentrations are typically 1×5±2×0 times higher than in the subjects participating in this study (Sjùl et al. 1991) . Thus, in older subjects the test diets may have resulted in much lower a-tocopherol : cholesterol ratios. This suggests that an increased content of unsaturated fatty acids in animal products have to be accompanied by dietary advice to increase vitamin E intake from other sources to reduce the risk for tissue oxidative damage.
The importance of a balance between fatty acid composition and antioxidants has also been demonstrated in meat and meat products. A change towards more unsaturated fatty acids has been found to lead to a higher tendency to lipid oxidation when the meat system is exposed to oxidative stress. Such a high lipid oxidation has been demonstrated for pre-cooked pork, in which antioxidant enzymes are denaturated and inactivated and for pork stored in a high-O 2 atmosphere to improve the colour (Jensen et al. 1998) . However, addition of 200 mg atocopherol/kg to the feed has been found to counteract the increased tendency to oxidation resulting from addition of 60 g rapeseed oil/kg feed (Jensen et al. 1997) .
In conclusion, an increase of the content of monounsaturated fatty acids in pig feed improved the bloodlipid-lowering potential of food products produced from the pig meat and fat. The vitamin E content of the intervention diets was low and signi®cantly lower plasma a-tocopherol concentration in human subjects was noted after intake of diets prepared from pigs fed rapeseed oil (without added vitamin E). Thus, the improved fatty acid pro®le of pork fat with regard to potential effects on blood lipids was counteracted somewhat by a potentially negative effect on antioxidative status.
